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Description
TECHNICAL FIELD

[0001] The present invention relates to an exposure
technique for transferring a pattern onto a substrate such
as a wafer in the lithography process for producing var-
ious devices such as a semiconductor device, a liquid
crystal display device, a thin-film magnetic head, etc. and
in particular, the present invention is preferably used for
multiple exposure, for example, double exposure of a
substrate.

BACKGROUND ART

[0002] The double exposure method is one of the ex-
posure methods used for transferring a pattern of areticle
as a mask onto a wafer (or glass plate or the like) coated
with a resist to produce a semiconductor device or the
like. Inthis method, forexample, inthe case thata pattern,
in which a periodic pattern and an isolated pattern are
present in a mixed manner, is exposed onto a same layer
on a wafer, the reticle pattern is split (divided) into a first
pattern corresponding to the periodic pattern and a sec-
ond pattern corresponding to the isolated pattern, and
these two patterns are successively double-exposed by
optimizing an exposure condition, thereby obtaining high
imaging performance. Conventionally, when the expo-
sure is performed by using such a double exposure meth-
od, a first exposure is performed by using a first reticle
on which at least one piece of the first pattern is formed,
and then the first reticle is exchanged with a second ret-
icle on which at least one piece of the second pattern is
formed and the second exposure is performed. However,
when the exposure is performed by exchanging the ret-
icles in this manner, any high throughput cannot be ob-
tained.

[0003] Therefore, there is proposed an exposure
method in which first and second patterns are formed in
advance on one reticle, the first and second patterns of
thereticle are transferred onto firstand second shot areas
adjacent on a wafer respectively, and then the wafer is
step-moved in the scanning direction by a distance cor-
responding to one shot area and the first and second
patterns of the reticle are transferred on the second and
third shot areas on the wafer, thereby double-exposing
the first and second patterns onto the second shot area
(see, for example, following Patent Document 1). In this
exposure method, by changing the illumination condition
between the first and second patterns at the time of scan-
ning exposure, the illumination condition can be opti-
mized with respect to the two patterns.

Patent Document 1: Japanese Patent Application
Laid-open No. 11-111601
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DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention:

[0004] Inthe above-described double exposure meth-
od combined with conventional scanning exposure,
when only the first or second pattern is within an illumi-
nation area in which the illumination condition is variable,
the illumination condition can be optimized for one of the
first and second patterns. However, when the two pat-
terns are simultaneously within the illumination area, it
is difficult to set illumination conditions individually for the
patterns respectively. Therefore, it is difficult to optimize
the illumination condition for each of the first and second
patterns on each of the entire surface of the first and
second patterns.

[0005] In addition, when the illumination conditions of
the two patterns are greatly different from each other, a
certain amount of time is required to switch the illumina-
tion condition by an illumination optical system. There-
fore, it is difficult to increase the scanning velocity for the
reticle (and consequently for the wafer as well), and there
arises another problemthatitis difficultto furtherincrease
the throughput.

The present invention was made in view of these circum-
stances, and a first object of the present invention is to
provide an exposure technique which is capable of illu-
minating the entire surfaces of two patterns (pattern ar-
eas), which are arranged close to each other, in optimal
illumination conditions therefor respectively whenthe two
patterns are transferred onto a substrate by the scanning
exposure method.

[0006] Further, a second object of the present inven-
tion is to provide an exposure technique and an exposure
method for producing a device which are capable per-
forming the double exposure with a high throughput, and
are capable of performing the exposure in an optimal
illumination condition on the entire surface of each of the
patterns (pattern areas) to be double-exposed.

Solution to the Problem:

[0007] Afirstexposure method of the presentinvention
is an exposure method in which an exposure light beam
is irradiated onto a substrate (W) via a mask (R) and a
projection optical system (PL) while moving the substrate
in synchronization with movement of the mask in a pre-
determined scanning direction, the method comprising:
forming, on the mask, first and second pattern areas
(52A, 52B) previously to be adjacent in the scanning di-
rection; a first step for moving the mask in the scanning
direction and illuminating the first pattern area in a first
illumination condition by using a first illumination area
(10AP) of which width in the scanning direction is varia-
ble, when the first pattern area passes across a field of
the projection optical system, to expose the substrate; a
second step for illuminating the first pattern area in the
first illumination condition by using the first illumination
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area (10AP) of which width in the scanning direction is
gradually narrowed and illuminating the second pattern
areain a second illumination condition by using a second
illumination area (10BP) of which width in the scanning
direction is gradually widened, when the first and second
pattern areas simultaneously pass across the field, to
expose the substrate; and a third step for illuminating the
second pattern area in the second illumination condition
by using the second illumination area (10BP) of which
width in the scanning direction is variable, when the sec-
ond pattern area passes across the field, to expose the
substrate.

[0008] The present invention further includes, as an
example, a fourth step for step-moving the substrate, by
a distance corresponding to the width of the second pat-
tern area, in a direction corresponding to the scanning
direction, and executing operations of the first to third
steps to double-expose a block area (48F), of the sub-
strate, exposed with a pattern image (B1) of the second
pattern area, with a pattern image (A2) of the first pattern
area.

A second exposure method of the present invention is
an exposure method for exposing a substrate (W) with
an exposure light beam via a projection optical system
(PL), the method comprising: independently setting illu-
mination conditions in first and second illumination areas
(10AP, 10BP) onto which the exposure light beam is to
be irradiated; and moving firstand second patterns (52A,
52B), which are arranged in a predetermined scanning
direction, with respect to the first and second illumination
areas while moving, in synchronization with the move-
ment of the first and second patterns, the substrate with
respect to a first exposure area onto which the exposure
light beam is to be irradiated via the first pattern and the
projection optical system and with respect to a second
exposure area onto which the exposure light beam is to
be irradiated via the second pattern and the projection
optical system; and scanning-exposing different block ar-
eas (48A, 48F), on the substrate, which are located at
different positions in the scanning direction.

[0009] Afirstexposure apparatus of the presentinven-
tion is an exposure apparatus which moves a substrate
(W) synchronously with movement of a mask (R) in a
predetermined scanning direction while irradiating an ex-
posure light beam onto the substrate via the mask and
a projection optical system (PL), the apparatus compris-
ing: an illumination optical system (IU) which illuminates
afirstillumination area (10AP), of which width in the scan-
ning direction is variable in a field of the projection optical
system, in a first illumination condition, and which illumi-
nates a second illumination area (10BP), of which width
in the scanning direction in the field is variable, in a sec-
ond illumination condition; and an illumination controller
(42R) which controls the width in the scanning direction
of the firstillumination area and the width in the scanning
direction of the second illumination area based on a po-
sition of the mask in the scanning direction.

[0010] Inthe present invention, as an example, the il-

10

15

20

25

30

35

40

45

50

55

lumination optical system has: a first partial illumination
system (14A) which illuminates an area conjugate to the
first illumination area in the first illumination condition; a
second partial illumination system (14B) which illumi-
nates an area conjugate to the second illumination area
in the second illumination condition; and a field coupling
system (15A to 15C, 16 to 20) which couples exposure
light beams from the first and second partial illumination
systems to illuminate the mask.

A second exposure apparatus of the present invention
is an exposure apparatus which exposes a substrate (W)
with an exposure light beam via a projection optical sys-
tem (PL), the exposure apparatus comprising: an illumi-
nation optical system (IU) which irradiates the exposure
light beam onto first and second illumination areas and
which sets illumination conditions in the first and second
illumination areas independently from each other; and a
controller (41, 42R, 42W) which moves first and second
patterns (52A, 52B), arranged in a predetermined scan-
ning direction, with respect to the first and second illumi-
nation areas (10AP, 10BP) while moving, in synchroni-
zation with the movement of the firstand second patterns,
the substrate with respect to a first exposure area onto
which the exposure light beam is to be irradiated via the
first pattern and the projection optical system and with
respect to a second exposure area onto which the expo-
sure light beam is to be irradiated via the second pattern
and the projection optical system, and which scanning-
exposes different block areas (48A, 48F) on the substrate
located at different positions in the scanning direction.
[0011] A device producing method of the present in-
vention uses the exposure method or exposure appara-
tus of the present invention.

Parenthesized reference numerals, affixed to respective
elements of the present invention, correspond to mem-
bers in the drawings showing an embodiment of the
present invention. However, each of the parenthesized
reference numerals merely indicates one of the elements
of the present invention by way of example so that the
present invention is easily understood, and is not intend-
ed to limit the present invention only to the construction
of the embodiment.

EFFECT OF THE INVENTION

[0012] According to the exposure method of the
present invention, the entire surfaces of the two pattern
areas can be illuminated in optimal illumination condi-
tions, respectively by switchingly using the two illumina-
tion areas. Further, when the method has the fourth step,
the double exposure can be performed with a high
throughput by the scanning exposure method, without
exchanging the masks.

[0013] Further, according to the exposure apparatus
of the present invention, the exposure method of the
present invention can be used. Further, when the expo-
sure apparatus further has a field coupling system (field
combining system), the first and second illumination ar-
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eas can be illuminated in different illumination conditions
respectively with a simple construction.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a drawing showing a general construction
of an exposure apparatus used in an example of an
embodiment of the present invention;

Fig. 2 is a plan view showing a pattern arrangement
of a reticle used in the embodiment;

Fig. 3 explains a switching operation for two illumi-
nation slits 10AP and 10BP on the reticle R at the
time of scanning exposure;

Fig. 4 is a plan view showing an example of arrange-
ment of shots on a wafer in the embodiment;

Fig. 5 is a plan view for explaining a case in which
exposure is performed for shot areas on the second
and third rows on the wafer;

Fig. 6 is a plan view for explaining a case in which
exposure is performed for shot areas on the third
and fourth rows on the wafer; and

Fig. 7 is a view showing the main portion of an illu-
mination optical system of another example of the
embodiment of the present invention.

Legends of Reference Numerals:

[0015] 1: exposure light source; 2: optical splitter; 7A,
7B: aperture stop plate; 10A, 10B: movable reticle blind,;
10AP, 10BP: illumination slit; 14A, 14B: illumination unit;
16: field coupling device: 1U: illumination optical system;
R: reticle; PL: projection optical system; W: wafer; 22:
reticle stage; 25: wafer stage; 42R: reticle stage drive
system

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] In the following, an example of a preferred em-
bodiment of the present invention will be described with
reference to the drawings. In this example, the present
invention is applied to perform the double exposure by
using a scanning exposure type exposure apparatus of
the step-and-scan system.

Fig. 1 shows an exposure apparatus of this example. In
Fig. 1, the exposure apparatus includes an exposure light
source 1; an illumination optical system IU which illumi-
nates a reticle R as the mask with an exposure light (ex-
posure light beam) from the exposure light source 1; a
reticle stage 22 which moves while holding the reticle R;
a projection optical system PL which projects an image
of a pattern in an illumination area on the reticle R onto
a wafer W as the substrate on which a resist (photosen-
sitive material) is coated; a wafer stage 25 which moves
while holding the wafer W; a drive mechanism for these
stages; and a main control system 41 constructed of a
computer which integrally controls the entire operations
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ofthese drive mechanisms, etc. Although an ArF excimer
laserbeam (wavelength: 193 nm)is used as the exposure
light source 1, a high-harmonic wave generator such as
a KrF excimer laser (wavelength: 248 nm), an F, laser
beam (wavelength: 157 nm), and a solid laser beam
(YAG laser or semiconductor laser, etc.) or a mercury
lamp or the like are also usable as the exposure light
source.

[0017] The exposure light beam IL formed of a linear
polarized ultraviolet pulse laser beam emitted from the
exposure light source 1 comes into the illumination opti-
cal system IU via an unillustrated beam matching unit
(BMU) or the like, and is split into a first exposure light
beam IL1 and a second exposure light beam IL2 by an
optical splitter 2, and these split light beams come into a
first illumination unit 14A and a second illumination unit
14B, respectively. In this example, a polarization beam
splitter (PBS) is used as the optical splitter 2, and the
polarization direction of the exposure light beam IL com-
ing into the optical splitter 2 is set so that the light amount
(S-polarized component) of the first exposure light beam
IL1 to be reflected by the optical splitter 2 and the light
amount (P-polarized component) of the second exposure
light beam IL2 transmitted through the optical splitter 2
become equal to each other. Note that as the optical split-
ter 2, for example, a half mirror can also be used.
[0018] The first exposure light IL1 which comes into
the first illumination unit 14A comes into an optical inte-
grator 6A via a polarization control element 4A controlling
a polarization state, a light amount control member (not
shown), and a shaping optical system 5A making a light
amount distribution (or intensity distribution) of the first
exposure light beam IL1 on a predetermined plane con-
jugate to the pupil plane of the projection optical system
PL, namely, on the pupil plane of the illumination optical
system IU. When the optical splitter 2 is a polarization
beam splitter, it is sufficient that the polarization control
element 4A transmits the incoming light as it is. When
the optical splitter 2 is a half mirror, the polarization con-
trol element 4A is constructed of an optical element (1/2
wavelength plate or the like) for setting the polarization
direction (or polarization distribution) of the first exposure
light beam IL1 to a desired state.

[0019] The shaping optical system 5A is constructed
to include, as an example, a diffractive optical element
(DOE), a zoom lens system, and a pair of prisms (axicon
or the like) at least one of which is movable. In this ex-
ample, although a fly-eye lens is used as the optical in-
tegrator 6A, an inner-surface reflective integrator (rod in-
tegrator or the like) or a diffractive optical element, etc.,
may be used instead. Further, for the purpose of further
improving the uniformity of the illuminance distribution of
the exposure light beam, it is also allowable to use a
plurality of optical integrators which are joined together
via a relay optical system.

[0020] Onthe light-exit surface of the optical integrator
6A, an aperture stop plate 7A is arranged rotatably; and
around the rotation axis of the aperture stop plate 7A, for
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example, a circular aperture stop 7A1 for normal illumi-
nation, an aperture stop for bipolar illumination for the X-
axis constructed of two eccentric small apertures, an ap-
erture stop 7A3 for bipolar illumination for the Y-axis hav-
ing a shape rotated by 90 degrees with respect to the
aperture stop for bipolar illumination for the X-axis, an
annular aperture stop for annular illumination, a small
circular aperture stop for small coherence factor (o val-
ue), and the like are arranged. The main control system
41 rotates the aperture stop plate 7A via a drive motor
8A to set a desired aperture stop of the aperture stops
on the light-exit surface of the optical integrator 6A to
thereby make it possible to set a light amount distribution
of the first exposure light beam IL1 on the pupil plane of
the illumination optical system IU, namely an illumination
condition in the first illumination slit L0AP (described lat-
er) on the reticle R by the first exposure light beam IL1.
In this example, the shaping optical system 5A is used
together with the aperture stop plate 7A to thereby make
the illumination condition to be variable while suppress-
ing the light amount loss due to the aperture stop. How-
ever, itis allowable that the illumination condition is made
variable by providing only one of the shaping optical sys-
tem 5A and the aperture stop plate 7A. When the illumi-
nation condition is changed only by the shaping optical
system 5A, without providing the aperture stop plate 7A,
then the movement and/or exchange of the optical ele-
ment of the shaping optical system 5A, for example, ex-
change of the diffractive optical element and movement
of the zoom lens system or the prisms are performed.
Further, it is also possible that the polarization state of
the first exposure light beam IL1 at the first illumination
slit 20AP on the reticle R is made to be variable by, for
example, the polarization control element 4A. Note that
the constructions of the polarization control element 4A
and the shaping optical system 5A are disclosed in, for
example, United States Patent Application Publication
No. 2006/0170901, etc.

[0021] A partof the first exposure light beam IL1 which
passed through the aperture stop arranged on the light-
exit surface of the optical integrator 6A is split (branched)
and comes into an integrator sensor (not shown) con-
structed of a photoelectric detector, and a light amount
of the split part of the first exposure light beam IL1 is
measured, and from the result of this measurement, an
integrated exposure amount at each point on the wafer
W is indirectly detected. The substantial part of the first
exposure light beam IL1 passes through the first relay
lens 9A and comes into a blind device (masking system)
which defines an illumination area on the reticle R. In this
example, this blind device includes a fixed reticle blind
(fixedfield stop) 12A and a movable reticle blind (movable
field stop) 10A which makes the width of the illumination
area to be variable at least with respect to the scanning
direction (Y direction in this example), as disclosed in,
for example, United States Patent No. 5,473,410, etc.
The fixed reticle blind 12A and the movable reticle blind
10A are arranged closely to each other on a plane sub-
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stantially conjugate to a pattern surface, of the reticle R,
as an object to be transferred (transfer-objective). The
fixed reticle blind 12A is a field diaphragm which defines
the shape of anillumination area having a slit-shape elon-
gated in the non-scanning direction (X direction in this
example) (and defines the maximum width in the scan-
ning direction of the illumination area) on the reticle R;
and the movable reticle blind 10A is driven by a drive
mechanism 11A so as to prevent the first exposure light
beam IL from being irradiated onto an area which is dif-
ferent from a desired pattern area on the reticle R at the
time of scanning exposure. The operation of the drive
mechanism 11A is controlled by a reticle stage drive sys-
tem 42R which will be described later. The movable ret-
icle blind 10A is used also for controlling the width in the
non-scanning direction of the illumination area. Namely,
the width of the illumination area in the non-scanning
direction is setin accordance with the width of the pattern
area on the reticle R.

[0022] In this example, as will be described later, an
illumination area set by the blind device (10A, 12A) of
the firstillumination unit 14A and an illumination area set
by the blind device (10B, 12B) of the second illumination
unit 14B are field-coupled or combined on the pattern
surface of the reticle R (namely, the object plane of the
projection optical system PL). Therefore, hereinafter, the
illumination area defined on the reticle R by the first illu-
mination unit 14A is referred to as "first illumination slit
10AP", and the illumination area defined on the reticle R
by the second illumination unit 14B is referred to as "sec-
ond illumination slit 10BP". In a state that the movable
reticle blinds 10A and 10B are fully opened, the widths
of the first illumination slit 10AP and the second illumi-
nation slit 10BP of this example become maximum val-
ues defined by the fixed reticle blinds 12A and 12B re-
spectively, and the first and second illumination slits
10AP and 10BP become a same area in the field of the
projection optical system PL.

[0023] The first exposure light beam IL which passed
through the fixed reticle blind 12A and the movable reticle
blind 10Ais bent substantially ataright angle viaa second
relay lens 13A and an optical path-bending mirror 15A,
and then comes into a field coupling device 16. The first
illumination unit 14A is constructed to include the above-
descried optical members from the polarization control
element 4A to the second relay lens 13A. When the op-
tical splitter 2 is a polarization beam splitter, the field cou-
pling device 16 is also a polarization beam splitter, and
the first exposure light beam IL comes into the field cou-
pling device 16 in an S-polarized state and is reflected
by the field coupling device 16. However, for example,
when the polarization illumination controlling the polari-
zation state of the first exposure light beam IL1 is used,
a half mirror may be used as the field coupling device
16, although the light amount is reduced in this case.
[0024] On the other hand, the second exposure light
beam IL2 which comes into the second illumination unit
14B is reflected by the mirror 3 and then comes into a
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second relay lens 13B via a polarization control element
4B, alightamount control member (not shown), a shaping
optical system 5B, an optical integrator 6B, an aperture
stop plate 7B (driven by a drive motor 8B), a split-optical
system (not shown) for integrator sensor, afirstrelay lens
9B, a fixed reticle blind 12B, and a movable reticle blind
10B (driven by a drive mechanism 11B controlled by the
reticle stage drive system 42R) which are constructed
similar to the optical members of the first illumination unit
14A, respectively. The second illumination unit 14B is
constructed to include the optical members from the po-
larization control element 4B to the second relay lens
13B. The second exposure light beam IL2 which passed
through the second relay lens 13B comes into the field
coupling device 16 via optical path-bending mirrors 15B
and 15C in a state that the optical axis of the second
exposure light beam IL2 is shifted in parallel. When the
field coupling device 16 is a polarization beam splitter,
the second exposure light beam IL2 comes into the field
coupling device 16 in a P-polarized state and is transmit-
ted through the field coupling device 16 as it is. When
the field coupling device 16 is a half mirror, the polariza-
tion state of the second exposure light beam IL2 can also
be controlled into a desired state.

[0025] As a result, the first exposure light beam IL1
and the second exposure light beam IL2 exiting from the
field coupling device 16 are coupled coaxially. In this ex-
ample, although the first illumination unit 14A and the
second illumination unit 14B have the same construction,
the movable reticle blinds 10A and 10B are driven inde-
pendently from each other. Therefore, the shapes and/or
sizes (widths) of the first illumination slit 10AP as the
illumination area of the first exposure light beam IL1 and
the second illumination slit 10BP as the illumination area
of the second exposure light beam IL2 can be set inde-
pendently from each other by the blind devices 12A and
10A of the first illumination unit 14A and by the blind de-
vices 12B and 10B of the second illumination unit 14B,
respectively.

[0026] Further, the aperture stop plates 7A and 7B are
also driven independently. Therefore, the illumination
condition in the first illumination slit 10AP set by the first
illumination unit 14A and the illumination condition in the
second illumination slit 10BP set by the second illumina-
tion unit 14B can be set independently from each other.
Note that in this example, the shaping optical systems
5A and 5B can also be driven independently from each
other. The light amount distributions of the first and sec-
ond exposure light beams IL1 and IL2 coming into the
aperture stops set on the light-exit surfaces of the inte-
grators 6A and 6B respectively are adjusted individually
by the shaping optical systems 5A and 5B respectively,
thereby making it to suppress the light amount losses
due to the aperture stops.

[0027] The exposure light beams IL1 and IL2 coupled
by the field coupling device 16 passes via a mirror 17
which bends the optical path horizontally, a first condens-
er lens 18, a mirror 19 which bends the optical path sub-
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stantially vertically downwardly, and a second condenser
lens 20, and illuminates, with a uniform illuminance dis-
tribution, the illumination slits 10AP and 10BP in the pat-
tern area provided on a pattern surface (lower surface)
of the reticle R. A field coupling optical system is con-
structed to include the mirrors 15A to 15C, the field cou-
pling device 16, the mirrors 17 and 19, and the condenser
lenses 18 and 20; and the illumination optical system U
is constructed to include this field coupling optical sys-
tem, the first illumination unit 14A, and the second illu-
mination unit 14B. In this example, the exposure light
beams IL1 and IL2 are irradiated onto first and second
exposure areas on the wafer W respectively viathe reticle
R and the projection optical system PL. However, the
first and second exposure areas are in conjugate rela-
tionship to the first and second illumination slits 10AP
and 10BP respectively with respect to the projection op-
tical system PL. Therefore, when the widths in the scan-
ning direction of the first and second illumination slits
10AP and 10BP are maximized, the first and second ex-
posure areas become a same area, namely completely
overlap each other in the field on the side of the image
plane of the projection optical system PL. Accordingly,
in the following description, the first and second exposure
areas will be collectively referred to as "exposure area
21W". Further, when the widths in the scanning direction
of the first and second illumination slits 10AP and 10BP
are changed, then the widths in the scanning direction
of the first and second exposure areas are also changed
as well. Therefore, in the following, explanation for the
changes in widths or the like of the first and second ex-
posure areas on the wafer at the time of scanning expo-
sure will be omitted.

[0028] Irradiated by the exposure light beams IL1 and
IL2, the patterns in the illumination slits 10AP and 10BP
of the reticle R are projected onto the exposure area 21W
on the wafer W, on which a resist is coated, at a prede-
termined projection magnification 3 (B is 1/4, 1/5 or the
like) via the projection optical system PL. The wafer W
is a disc-shaped substrate having a diameter of, for ex-
ample, 200 mm, 300 mm or the like. The projection optical
system PL is supported to an unillustrated column by a
flange PLF. For example, as disclosed in International
Publication No. 2006/038952 etc., the projection optical
system PL may be hung with respect to an unillustrated
main frame or a reticle base 23 arranged at a position
over or above the projection optical system PL. A dioptric
system may be used as the projection optical system PL.
Alternatively, as the projection optical system PL, a cat-
adioptric projection optical system or the like may also
be used which includes an optical system having an op-
tical axis from the reticle toward the wafer and a catadi-
optric optical system having an optical axis substantially
orthogonal to the optical axis of the optical system, and
which forms an intermediate image twice inside thereof,
as disclosed, for example, in Japanese Patent Applica-
tion Laid-open No. 2001-249286.

[0029] The projection optical system PL of this exam-
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ple is a dioptric system in which an effective field on the
side of its object plane is a circular area with optical axis
AX being the center thereof, and areas in which the illu-
mination slits 10AP and 10BP are maximized are each
a rectangular area elongated in the X direction which is
substantially inscribed in the circular area (contour of the
effective field) about the optical axis AX. Here, acommon
area, in which the illumination slits 10AP and 10BP are
maximized, is referred to as the illumination field (illumi-
nation field on the side of the object plane) of the projec-
tion optical system PL. Similarly, the first and second
exposure areas in which the widths in the scanning di-
rection become maximum are each a rectangular area
elongated in the X direction which is substantially in-
scribed in the circular field about the optical axis AX on
the side of the image plane of the projection optical sys-
tem PL; and this area is referred to as the exposure field
(exposure field on the side of the image plane) of the
projection optical system PL. In the following, an expla-
nation will be given about a case in which a Z axis is set,
in parallel to the optical axis AX of the projection optical
system PL; a Y axis is set, in a plane perpendicular to
the Z axis, along the scanning direction (direction parallel
to the sheet surface of Fig. 1) of the reticle R and the
wafer W at the time of scanning exposure; and an X axis
is set along the non-scanning direction (direction perpen-
dicular to the paper surface of Fig. 1) which is perpen-
dicular to the scanning direction.

[0030] First, the reticle R is attracted and held on the
reticle stage 22, and the reticle stage 22 is placed on the
reticle base 23 so as to be continuously movable in the
Y direction by, for example, a linear motor. Further, in
the reticle stage 22, a mechanism for finely moving the
reticle R in the X direction, the Y direction, and a rotation
direction about the Z axis is also incorporated. The po-
sition of the reticle stage 22 (reticle R) is measured highly
accurately by a moving mirror 26R on the reticle stage
22 (or may be measured by a reflecting surface formed
on the stage) and a laser interferometer 27R arranged
opposite to or facing the moving mirror 26R; and based
on the result of this measurement and on control infor-
mation from the main control system 41, the reticle stage
drive system 42R controls the operation of the reticle
stage 22. Also, the reticle stage drive system 42R con-
trols the opening and closing operations of the movable
reticle blinds 10A and 10B via the drive mechanisms 11A
and 11B, namely controls the widths in the Y direction of
the first illumination slit LOAP and the second illumination
slit 10BP based on the position information of the reticle
stage 22 (consequently, of the reticle R) in the Y direction
(scanning direction).

[0031] The opening and closing operations of the mov-
able reticle blinds 10A and 10B may be controlled by a
controller which is provided independently from the reti-
cle stage drive system 42R.

On the other hand, the wafer W is attracted and held on
the wafer stage 25 via a wafer holder (not shown). The
wafer stage 25 is constructed of a Z tilt stage which con-
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trols a focus position (position in the Z direction) and a
tilt angle (rotations around the X axis and Y axis) of the
wafer W; and an XY stage which is continuously moved
in the Y direction on the wafer base 30 by, for example,
a linear motor, and which step-moves in the X direction
and the Y direction. The position of the wafer stage 25
(wafer W) is measured highly accurately by the moving
mirror 26W on the wafer stage 25 (or may be measured
by a reflecting surface formed on the stage) and the laser
interferometer 27W arranged opposite to or facing the
moving mirror 26W; and based on the result of this meas-
urement and on control information from the main control
system 41, the wafer stage drive system 42W controls
the operation of the wafer stage 25.

[0032] Atthetime of normal scanning exposure, in syn-
chronization with the movement of the reticle R in the Y
direction at a velocity VR with respect to the illumination
slit L0AP and/or 10BP via the reticle stage 22, the wafer
W is moved in the Y direction at a velocity 3-VR (B rep-
resents the projection magnification from the reticle R to
the wafer W) with respect to the exposure area 21W via
the wafer stage 25, to thereby successively transfer im-
ages of the patterns in successive two pattern areas (de-
scribed in detail later) of the reticle R onto two shot areas
on the wafer W respectively, the two shot areas being
adjacent to each other on the wafer W in the scanning
direction. Note that in this example, since the projection
optical system PL performs inverted projection, the scan-
ning directions of the reticle R and the wafer W are op-
posite to each other. However, when the projection op-
tical system PL projects an erecting image in the scan-
ning direction, the scanning directions of the reticle R and
the wafer W are same. Afterwards, the operations for
step-moving the wafer stage 25 to move the next shot
area on the wafer to the scanning start position and for
perform scanning exposure are repeated in a step-and-
scan manner, thereby performing exposure successively
for two shot areas on the wafer adjacent to each other in
the scanning direction, respectively.

[0033] Whenthis exposure is an overlay exposure, the
reticle R and the wafer W are required to be aligned in
advance. Therefore, a reference mark member 29 on
which a reference mark is formed is fixed in the vicinity
of the wafer on the wafer stage 25, and an alignment
sensor 36 based on image processing system, for de-
tecting the position of an alignment mark provided to each
of the shot areas on the wafer W, is arranged on a side
surface of the projection optical system PL. Further, a
pair of alignment systems 34A and 34B based on image
processing system, for measuring the position of an
alignment mark on the reticle R, is arranged at a position
over or above the reticle stage 22. In practice, the align-
ment systems 34A and 34B are arranged at a position
over or above the both ends in the X direction (non-scan-
ning direction) of the illumination slits 10AP and 10BP.
The results of detections by the alignment sensor 36 and
the alignment systems 34A and 34B are processed by
an unillustrated alignment control system.
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[0034] In the following, an example of the operation of
the double exposure in this example will be described.
On a pattern surface of the reticle R in this example, two
pattern areas (patterns to be transferred) for the double
exposure are formed along the scanning direction.

Fig. 2 is a plan view showing a pattern arrangement of
the reticle R used in this example. In Fig. 2, a rectangular
area surrounded by a light-shielding zone 51 in the reticle
R is divided into two first and second pattern areas 52A
and 52B which have a same size in the Y direction, and
mutually different transfer patterns (hereinafter referred
to as pattern A and pattern B, respectively) are drawn in
the pattern areas 52A and 52B, respectively. The pat-
terns A and B are patterns formed of a circuit pattern to
be transferred onto one layer of each of the shot areas
on the wafer W, and by performing the exposure while
the images of the patterns A and B are overlaid, a pro-
jection image corresponding to the circuit pattern is ex-
posed onto each of the shot areas. As an example, the
pattern A in the first pattern area 52A is formed of a Y-
direction line-and-space pattern (hereinafter referred to
as L&S pattern) 55Y arranged in the Y direction at pitches
substantially corresponding to a resolution limit, and the
pattern B in the second pattern area 52B is formed of an
X-direction L&S pattern 55X arranged in the X direction
at pitches substantially corresponding to the resolution
limit.

[0035] Inthis example, the pattern A in the first pattern
area 52A and the pattern B in the second pattern area
52B are transferred onto each of the shot areas on the
wafer W by the firstillumination slit LOAP and the second
illumination slit 10BP of Fig. 1, respectively. Therefore,
toincrease the resolution, inthe firstillumination unit 14A,
an aperture stop 7A3 for bipolar illumination which forms
two secondary light sources apart in the Y direction is
selected so as to set an illumination condition optimal for
the Y-direction L&S pattern 55Y, namely so as to set
bipolar illumination for the Y axis. On the other hand, in
the second illumination unit 14B, the aperture stop 7B2
for bipolar illumination is selected which forms two sec-
ondary light sources apart in the X direction so as to set
an illumination condition optimal for the X-direction L&S
pattern 55X, namely so as to set bipolar illumination for
the X axis. In this case, the illumination slits 10AP and
10BP are illuminated by bipolar illumination orthogonal
to each other, respectively. Note that, in a case, for ex-
ample, that the pattern A is formed of a periodic pattern
and the pattern B is formed of an isolated pattern, as an
example, the illumination condition of the firstillumination
slit 10AP may be annular illumination, and the illumina-
tion condition of the second illumination slit 10BP may
be a small-o illumination or the like. When the field cou-
pling device 16 of Fig. 1 is a half mirror, it is also possible
that the polarization illumination is optimized for at least
one of the patterns A and B.

[0036] Each of the pattern areas 52A and 52B of the
reticle R of Fig. 2 has a size corresponding to that of one
shot area on the wafer W, and the light-shielding zone
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53 as the boundary between the pattern areas 52A and
52B has a width corresponding to that of a street line
(scribe line) which serves as the boundary between ad-
jacent shot areas on the wafer W. That is, images of the
two pattern areas 52A and 52B reduced at the projection
magnification of the projection optical system PL corre-
spond to the sizes of two shot areas adjacent to each
other on the wafer W in the scanning direction. Provided
that the width of the street line on the wafer W is 100 pm
and the magnification of the projection optical system PL
is 1/4, then the width of the light-shielding zone 53 is 400
pm. With the width of this extent, even when there is a
slight positional error at the edges of the movable reticle
blinds 10A and 10B of Fig. 1, it is possible to prevent the
first illumination slit L0AP (or the second illumination slit
10BP) from being illuminated onto the inside of the sec-
ond pattern area 52B (or the first pattern area 52A). Fur-
ther, provided that the maximum width of the exposure
area (width of the exposure field) on the wafer W is, for
example, 6 mm, and the magnification of the projection
optical system PL is 1/4, then the maximum width (width
ofthe illumination field) of the illumination sliton the reticle
R is 24 mm. Therefore, the spacing distance between
the patterns A and B (width of the light-shielding zone
53) and the spacing distance between two shot areas
(width of streetline) are set greatly narrower as compared
with the maximum width of the illumination slit and the
maximum width of the exposure area.

[0037] A pair of alignment marks 54A and 54B are
formed so as to sandwich the pattern areas of the reticle
R in the X direction, and the positions of these alignment
marks 54A and 54B are measured by the alignment sys-
tems 34A and 34B of Fig. 1, thereby making it possible
to align the reticle R.

Fig. 4 shows a shot arrangement on the wafer W of this
example. In Fig. 4, a large number of shot areas (shown
as a shot area 48 representatively) are formed on the
wafer W at a predetermined pitch in the X direction and
Y direction, and these shot areas 48 are rectangular ar-
eas each of which has a width F in the Y direction (scan-
ning direction) and a width E in the X direction including
an area up to the center of the street line at the boundary
with another shot area adjacent thereto. Each of these
shot areas 48 is double-exposed with the image of the
pattern A in the first pattern area 52A and the image of
the pattern B in the second pattern area 52B of the reticle
R shown in Fig. 2. Further, for example, two alignment
marks 46A and 46B are provided to each of the shot
areas 48, and coordinates (positions) of the alignment
marks 46A and 46B in a predetermined number of shot
areas 48 selected on the wafer W are measured by the
alignmentsensor 36 of Fig. 1. Then, the measured values
are statistically processed according to the enhanced
global alignment method disclosed in, for example, Unit-
ed States Patent No. 4,780,617, thereby making it pos-
sible to determine the position of each of the shot areas
on the wafer W to perform the alignment.

[0038] Next, an explanation will be given about an op-
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eration for double-exposing the shot areas 48, which are
arranged as shown in Fig. 4 on the wafer W, with images
of the patterns A and B in the two pattern areas 52A and
52B of the reticle R of Fig. 2. In this example, the projec-
tion optical system PL performs the inverted projection.
However, for the convenience of the explanation, it is
assumed that the patterns A and B of the reticle R of Fig.
2 are projected as erecting images on the two shot areas
48 mutually adjacent in the scanning direction on the wa-
fer W.

<First step>

[0039] First, two shot areas 48A and 48F adjacent to
each other in the Y direction on the wafer W of Fig. 4 are
exposed by one time of scanning with an image Al of
the pattern A in the pattern area 52A and an image B1
of the pattern B in the pattern area 52B of the reticle R
of Fig. 2, respectively. For this purpose, as shown in Fig.
3(A), scanning of the reticle R in the +Y direction with
respect to the illumination field of the projection optical
system PL is started, and in accordance with the move-
ment of the pattern area 52A of the reticle R, the width
in the scanning direction of the first illumination slit LOAP
in the illumination field is gradually widened (becomes
gradually wider). In synchronization with this, scanning
of the wafer W in the -Y direction with respect to the ex-
posure field of the projection optical system PL is started,
and in accordance with the movement of the shot area
48A on the wafer W, the width in the scanning direction
of the first exposure areain the exposure field is gradually
widened (becomes gradually wider). At this time, the wa-
fer Wis driven synchronously so that shot areas 48A and
48F on the wafer W are overlapped with the images of
the pattern areas 52A and 52B on the reticle R, respec-
tively. Then, as shown in Fig. 3(B), in a state that only
the first pattern area 52A of the reticle R is in the illumi-
nation field of the projection optical system PL, the width
in the scanning direction of the first illumination slit LOAP
is maximized. With this, the image Al of the pattern in
the first pattern area 52A is successively exposed onto
the shot area 48A of the wafer W shown in Fig. 4.

<Second step>

[0040] Next, as shown in Fig. 3(C), when the second
pattern area 52B also enters the illumination field of the
projection optical system PL in addition to the first pattern
area 52A of the reticle R, then, with the light-shielding
zone 53 of the reticle R being as a reference, in the illu-
mination field in the +Y direction, the first pattern area
52A is illuminated by the first illumination slit 10AP, and
in the illumination field in the -Y direction than the light-
shielding zone 53, the second pattern area 52B is illumi-
nated by the second illumination slit 10BP. At this time,
the width in the scanning direction of the first illumination
slit10AP is gradually narrowed, and the width in the scan-
ning direction of the second illumination slit L0BP is grad-
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ually widened, and the exposure of the image B1, of the
pattern in the second pattern area 52B of the reticle R,
onto the shot area 48F on the wafer W of Fig. 4 is started.
[0041] Then, as the reticle R is scanned in the +Y di-
rection, the widths in the scanning direction of the two
illumination slits 10AP and 10BP become equal to each
other as shown in Fig. 3(D); and then, the width of the
firstillumination slit 10AP is gradually narrowed as shown
in Fig. 3(E), and when the width reaches to zero, the
exposure of the image Al onto the shot area 48H of Fig.
4 is ended.

<Third step>

[0042] Next, as shown in Fig. 3(F), in a state that only
the second pattern area 52B of the reticle R is in the
illumination field of the projection optical system PL, the
width in the scanning direction of the second illumination
slit 10BP is maximized, and the image B1 of the pattern
in the second pattern area 52B is successively exposed
onto the shot area 48F on the wafer W of Fig. 4. There-
after, as shown in Fig. 3(G), the width of the second illu-
mination slit 10BP is gradually narrowed, and at a point
of time when the width becomes zero, the exposure of
the image B1 onto the shot area 48F of Fig. 4 also is
ended.

[0043] Next, as shown in Fig. 3(H), the reticle R is
moved to the scanning start position in the +Y direction
with respect to the illumination field of the projection op-
tical system PL, and in Fig. 4, the wafer W is step-moved
in the X direction by a value (distance) corresponding to
the width E in the X direction of one shot area 48, and
then in synchronization with movement of the reticle R
in the -Y direction, the wafer W is moved in the +Y direc-
tion. In this case, the widths in the scanning direction of
the illumination slits 10AP and 10BP change in the order
of Fig. 3(G) to Fig. 3(A), and the images Al and B1 of
the patternsinthe pattern areas 52A and 52B of the reticle
R are exposed onto the shot areas 48B and 48G adjacent
to each other in the Y direction on the wafer W of Fig. 4,
respectively. Thereafter, the wafer stage 25 is driven so
that the wafer W and the exposure area 21W relatively
move along a locus 47A of Fig. 4, and the reticle R and
the wafer W are synchronously moved while the widths
of the illumination slits 10AP and 10BP are changed in-
dependently as shown in Fig. 3, thereby exposing the
image Al onto the shot areas 48A to 48E in the first row
on the wafer W of Fig. 4, and exposing the image B1 onto
the shot areas 48F to 48J in the second row.

<Fourth step>

[0044] Next, after the wafer W of Fig. 4 is step-moved
in the -Y direction by a distance corresponding to the
width F in the Y direction of the shot area 48, and then
the above-described first to third steps are executed for
the shot areas 48J and 480 adjacent to each other in the
Y direction on the wafer W of Fig. 5, to thereby expose,
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by one scanning, the image A2 of the pattern in the first
pattern area 52A and the image B2 of the pattern in the
second pattern area 52B of the reticle R of Fig. 2 onto
the shot areas 48J and 480, respectively. With this, onto
the shot area 48J, the image B1 of the pattern in the
second pattern area 52B and the image A2 of the pattern
in the first pattern area 52A of the reticle R are double-
exposed.

[0045] Thereafter, the wafer stage 25 is driven so that
the wafer W and the exposure area 21W relatively move
along the locus 47B of Fig. 5, and the reticle R and the
wafer W are synchronously moved while the widths of
the illumination slits 10AP and 10BP are changed inde-
pendently as shownin Fig. 3, thereby exposing the image
A2 onto the shot areas 48J to 48F in the second row on
the wafer W of Fig. 5, and exposing the image B2 onto
the shot areas 480 to 48K in the third row. Then, the
images B1 and A2 are double-exposed onto the shot
areas 48F to 48J in the second row.

[0046] Next, after the wafer W of Fig. 5 is step-moved
in the -Y direction by a distance corresponding to the
width F in the Y direction of the shot area 48 (see Fig.
4), the wafer stage 25 is driven so that the wafer W and
the exposure area 21W relatively move along the locus
47C of Fig. 6, and the reticle R and the wafer W are
synchronously moved while the widths of the illumination
slits 10AP and 10BP are changed independently as
shown in Fig. 3, thereby exposing the image A3 of the
pattern in the first pattern area 52A of the reticle R onto
the shot areas 48K to 480 in the third row on the wafer
W of Fig. 6, and exposing the image B3 of the pattern in
the second pattern area 52B onto the shot areas 48P to
48T in the fourth row. As a result, the images B2 and A3
are double-exposed onto the shot areas 48K to 48T in
the third row.

[0047] Byrepeating these operations, the image of the
pattern in the first pattern area 52A and the image of the
pattern in the second pattern area 52B of the reticle R
are double-exposed onto all shot areas except for the
shot areas on the ends in the *Y directions on the wafer
W. At this time, two shot areas mutually adjacent in the
scanning direction on the wafer W are exposed by one
time of scanning, thereby making it possible to perform
the double exposure at an extremely high throughput.
[0048] Note that it is necessary to separately expose
only the image of the pattern in the pattern area 52A or
52B of the reticle R on the shot areas at the ends in the
Y direction on the wafer W. However, in practice, since
the number of shot areas on the wafer W is considerably
greater than the number of shot areas shown in Fig. 4,
the throughput is hardly degraded. Here, it is allowable
that the exposure of the image of the pattern in the pattern
area 52B with respect to the shot areas 48A to 48E at
the endinthe +Y directionis performed before performing
the above-described exposure operations, and that the
exposure of the image of the pattern in the pattern area
52A with respect to the shot areas at the end in the -Y
direction is performed after the above-described expo-
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sure operations.

In this example, the widths in the scanning direction of
the two illumination slits 10AP and 10BP on the reticle R
are controlled independently from each other by using
the two illumination units 14A and 14B of Fig. 1. There-
fore, during the scanning exposure, the entire surfaces
of the patterns in the pattern areas 52A and 52B of the
reticle R of Fig. 2 can be illuminated in optimized illumi-
nation conditions respectively. Accordingly, it is possible
to obtain high imaging performance for the projected im-
age for which the double exposure has been performed.
[0049] Afterwards, the wafer W is developed to thereby
formaresist patternin each of the shot areas, and etching
or the like is performed by using the resist pattern as a
mask, thereby forming atarget circuit pattern. At this time,
since the images of the patterns A and B are exposed in
the optimized exposure conditions (including illumination
conditions) respectively, the imaging performance (res-
olution, etc.) of the image of the double-exposed pattern
is excellent on the entire surface, and the line-width con-
trollability of the circuit pattern finally formed is also ex-
cellent. Therefore, a semiconductor device or the like can
be produced highly accurately.

[0050] In the above-described embodiment, although
one exposure light source 1 is used as shown in Fig. 1,
two exposure light sources 1A and 1B which emit pulse
lights independently may also be used as shown in Fig.
7. Further, although two exposure light beams IL1 and
IL2 are coupled by the field coupling device 16 at a po-
sition before the mirror 17 as shown in Fig. 1, it is also
allowable, as shown in Fig. 7, that a polarization beam
splitter 17A (or half mirror) is arranged instead of the mir-
ror 17. In Fig. 7, the exposure light beam IL1 from the
first exposure light source 1A is guided to the first illumi-
nation unit 14A via the mirror 3A, and the exposure light
beam IL2 from the second exposure light source 1B is
guided to the second illumination unit 14B via the mirror
3B. Further, the exposure light beam IL1 from the second
relay lens 13A is guided to the polarization beam splitter
17A via the mirror 15A, and the exposure light beam IL2
from the second relay lens 13B is guided to the polariza-
tion beam splitter 17A via the mirrors 15B and 15C, there-
by making it possible to couple the two exposure light
beamsIL1 and IL2 by using the polarization beam splitter
17A as the field coupling device. The coupled light flux
is supplied to the first condenser lens 18 of Fig. 1. With
this, the construction of the illumination optical system
can be simplified. Further, by providing independent ex-
posure light sources corresponding to the illumination
units 14A and 14B respectively, it is possible to inde-
pendently control the spectral widths, central wave-
lengths, and pulse frequencies, etc., of the exposure light
beams IL1 and IL2.

[0051] Inthe above-described embodiment, as shown
in Fig. 2, two pattern areas 52A and 52B are formed ad-
jacent to each other on one reticle R. However, it is also
allowable that the two pattern areas 52A and 52B are
formed on different reticles, and the double exposure is
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performed while holding the two reticles so as to be sep-
arate and away in the scanning direction on the reticle
stage 22 of Fig. 1. Further, in the above-described em-
bodiment, each of the shot areas on the wafer is double-
exposed with the patterns A and B in the two pattern
areas 52A and 52B arranged along the scanning direc-
tion. However, it is also allowable that at least three pat-
tern areas are arranged along the scanning direction to
perform triple or more multiple exposures. Furthermore,
in the above-described embodiment, although the pat-
terns A and B formed on the two pattern areas 52A and
52B are different, the patterns A and B may be same.
[0052] The projection optical system in the exposure
apparatus of the above-described embodiment has one
field on the side of the object plane and one field on the
side of the image plane. However, the number of the
fields is not limited to this. The projection optical system
may have two fields on, for example, the side of the image
plane. In this case, since the first and second exposure
areas are arranged in each of the two fields on the side
of the image plane, it is possible to concurrently perform
the double exposure for two wafers by using two wafer
stages, thereby further improving the throughput. More-
over, the exposure apparatus of the above-described
embodiment is provided with a single projection optical
system having a field in which the above-described first
and second illumination areas are inscribed therein on
the side of the object plane. However, it is also allowable
that the exposure apparatus has a plurality of projection
optical systems splitting a pattern into a plurality of split-
patterns which are to be formed pattern areas respec-
tively to be projected onto a wafer, as disclosed, for ex-
ample, in United States Patent No. 7,088,425, etc.
[0053] The projection optical system in the exposure
apparatus of the above-described embodiment is not lim-
ited to a reduction system, but may be a x1 magnification
system or amagnifying system; and the projection optical
system is not limited to the dioptric system, but may be
a catoptric system or a catadioptric system, and its pro-
jected image may be an inverted image or an erecting
image. Further, the exposure area onto which an expo-
sure light beam is irradiated via the projection optical sys-
tem is an on-axis area including the optical axis within
the field of the projection optical system. However, the
exposure area may be, for example, an off-axis area of
which exposure area does not include the optical axis,
similarly to a so-called inline type catadioptric system in
which a plurality of reflecting surfaces are provided; an
optical system (catoptric or dioptric system) forming an
intermediate image at least once is provided at a part
thereof; and in which a single optical axis is provided, as
disclosed in International Publication No. 2004/107011.
Although the above-described illumination area and ex-
posure area have rectangular shapes, the shape of the
illumination and exposure areas are not limiting to this,
and may have an arced, trapezoid, parallelogram shape
or the like.

[0054] In the above-described embodiment, the posi-
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tion information of the reticle stage and the wafer stage
are measured by using an interferometer. However, the
measurement of the position information is not limited to
this, and it is also allowable to use, for example, an en-
coder system which detects a scale (diffraction grating)
provided on the upper surface of, for example, the wafer
stage. In this case, it is preferable that a hybrid system
is adopted which includes both the interferometer system
and the encoder system, and in which the result of meas-
urement by the encoder system is calibrated by using
the result of measurement by the interferometer system.
Alternatively, the position control of the substrate stage
may be performed by switchingly using an interferometer
system and an encoder system or by using both of the
interferometer and encoder systems.

[0055] As asubstrate to be exposed (exposure-objec-
tive substrate) in the above-described embodiment, with-
out being limited to a semiconductor wafer for producing
a semiconductor device, those applicable include a glass
substrate for producing a display device, a ceramic wafer
for producing a thin-film magnetic head, a master plate
(synthetic silica glass, silicon wafer) for the mask or the
reticle to be used for the exposure apparatus, a film mem-
ber, or the like. The shape of the substrate is not limited
to the circular shape, and may be rectangular or the like.
[0056] The exposure apparatus of the above-de-
scribed embodiment may include a plurality of wafer stag-
es as disclosed in, for example, Japanese Patent Appli-
cation Laid-open No. 10-163099 (corresponding to Unit-
ed States Patent No. 6,590,634), Published Japanese
Translation of PCT International Publication for Patent
Application No. 2000-505958 (corresponding to United
States Patent No. 5,969,441), etc. In this exposure ap-
paratus, the exposure operation and the measuring op-
eration (including the alignment operation) can be con-
currently performed. Further, the exposure apparatus of
the above-described embodiment may include a meas-
urement stage which is movable independently from the
wafer stage and which is provided with a measuring
member (for example, reference member having a ref-
erence mark formed therein and/or various photoelectric
sensors), as disclosed in, for example, Japanese Patent
Application Laid-open No. 11-135400 (corresponding to
International Publication No. 1999/23692) and Japanese
Patent Application Laid-open No. 2000-164504 (corre-
sponding to United States Patent No. 6,897,963).
[0057] The exposure apparatus of the above-de-
scribed embodiment can be manufactured by installing
an unillustrated column mechanism, by incorporating the
illumination optical system and the projection optical sys-
tem each constructed of a plurality of optical elements in
the body of the exposure apparatus; then by performing
the optical adjustments; then by attaching the reticle
stage and wafer stage including a large number of me-
chanical parts to the body of the exposure apparatus and
then by connecting the wires and pipes thereto; and then
by performing overall adjustments (electrical adjustment
and operation confirmation, etc.). It is desirable that the
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exposure apparatus is manufactured in a clean room in
which, forexample, the temperature, the degree of clean-
liness and the like are managed.

[0058] Upon producing a semiconductor device by us-
ing the exposure apparatus of the above-described em-
bodiment, the semiconductor device is produced by per-
forming, for example, a step of designing the function
and the performance of the device; a step of manufac-
turing a reticle based on the designing step; a step for
producing a wafer from a silicon material; a step of per-
forming the alignment and the exposure for patterns on
the reticle(s) onto the wafer by using the exposure ap-
paratus of the above-described embodiment; a step of
forming a circuit pattern by the etching, etc.; a step of
assembling the device (including a dicing step, a bonding
step, a packaging step, and the like); and an inspection
step, etc.

[0059] The present invention is also applicable to ex-
posure by using a liquid immersion exposure apparatus
disclosed in, for example, International Publication Nos.
99/49504 and 2004/019128, etc. In this case, at the time
of the scanning exposure, liquid such as pure or purified
water is locally supplied between the projection optical
system PL and the wafer W from an unillustrated liquid
supply device, and the supplied liquid is recovered by an
unillustrated liquid recovery device.

The present invention is also applicable to exposure by
using a projection exposure apparatus which use, as the
exposure light beam, an extreme ultraviolet light beam
(EUV light beam) having a wavelength of about several
nm to 100 nm.

[0060] Further, the present invention is not limited to
the application to the exposure apparatus for producing
a semiconductor device, and the presentinvention is also
widely applicable, for example, to exposure apparatuses
for a display device for a liquid crystal display or for a
plasma display to be formed into a squared glass plate,
and to exposure apparatuses for producing various de-
vices such as image pickup devices (CCD and the like),
micromachines, thin-film magnetic heads, DNA chips,
etc. Furthermore, the presentinvention is also applicable
to an exposure step (exposure apparatus) for producing,
by using the photolithography step, a mask (photomask,
reticle, or the like) having a mask pattern for various de-
vices formed therein.

[0061] Itis as a matter of course that the present in-
vention is not limited to the above-described embodi-
ment, and the present invention may be constructed in
various manners within the range not exceeding from the
spirit of the presentinvention. The disclosure of the spec-
ification, claims, drawings and abstract of Japanese Pat-
ent Application No. 2006-058739 filed on March 3, 2006
is incorporated herein by reference in their entirety.
The contents of the patent documents concerning the
exposure apparatus, etc. mentioned in the embodiment
of this application are incorporated herein by reference
within a range of permission of the domestic laws and
ordinances.

10

15

20

25

30

35

40

45

50

55

12

INDUSTRIAL APPLICABILITY

[0062] According to the present invention, the double
exposure can be performed in an optimal illumination
condition with a high throughput, thereby making it pos-
sible to produce a device with a fine pattern with high
accuracy and high throughput.

Claims

1. An exposure method in which an exposure light
beam is irradiated onto a substrate via a mask and
a projection optical system while moving the sub-
strate in synchronization with movement of the mask
in a predetermined scanning direction, the method
comprising:

forming, on the mask, first and second pattern
areas previously to be adjacent in the scanning
direction;

a first step for moving the mask in the scanning
direction, and illuminating the first pattern area
in a first illumination condition by using a first
illumination area of which width in the scanning
direction is variable, when the first pattern area
passes across a field of the projection optical
system, to expose the substrate;

a second step for illuminating the first pattern
area in the first illumination condition by using
the first illumination area of which width in the
scanning direction is gradually narrowed and il-
luminating the second pattern area in a second
illumination condition by using a second illumi-
nation area of which width in the scanning direc-
tionis gradually widened, when the first and sec-
ond pattern areas simultaneously pass across
the field, to expose the substrate; and

a third step for illuminating the second pattern
area in the second illumination condition by us-
ing the second illumination area of which width
in the scanning direction is variable, when the
second pattern area passes across the field, to
expose the substrate.

2. The exposure method according to claim 1, compris-
ing a fourth step for step-moving the substrate, by a
distance corresponding to the width of the second
pattern area, in a direction corresponding to the
scanning direction, and executing operations of the
first to third steps to double-expose a block area, of
the substrate, exposed with a pattern image of the
second pattern area, with a pattern image of the first
pattern area.

3. The exposure method according to claim 1 or 2,
wherein the first and second illumination conditions
are different from each other.



10.

23

The exposure method according to any one of claims
1to 3, wherein areas, in which the widths in the scan-
ning direction of the first and second illumination ar-
eas are maximized, are overlapped substantially
completely.

The exposure method according to any one of claims
1 to 4, wherein the first and second pattern areas
are formed on different masks, respectively.

An exposure method for exposing a substrate with
an exposure light beam via a projection optical sys-
tem, the method comprising:

independently setting illumination conditions in
first and second illumination areas onto which
the exposure light beam is to be irradiated; and
moving first and second patterns, which are ar-
ranged in a predetermined scanning direction,
with respect to the first and second illumination
areas while moving, in synchronization with the
movement of the first and second patterns, the
substrate with respect to a first exposure area
onto which the exposure light beam is to be ir-
radiated via the first pattern and the projection
optical system and with respect to a second ex-
posure area onto which the exposure light beam
is to be irradiated via the second pattern and the
projection optical system; and scanning-expos-
ing different block areas, on the substrate, which
are located at different positions in the scanning
direction.

The exposure method according to claim 6, wherein
multiple exposure is performed for the different block
areas respectively, the multiple exposure including
exposure performed with one of the first and second
patterns by the synchronous movements, and expo-
sure performed with the other of the first and second
patterns by synchronously moving the substrate and
the other of the first and second patterns.

The exposure method according to claim 6 or 7,
wherein the first and second exposure areas are ar-
ranged so that at least a part of the first exposure
area and a part of the second exposure area are
overlapped in the scanning direction.

The exposure method according to any one of claims
6 to 8, wherein widths in the scanning direction of
the first and second exposure areas are independ-
ently changed during the synchronous movements,
and maximum widths in the scanning direction of the
first and second exposure areas are greater than a
spacing distance between the different block areas.

The exposure method according to any one of claims
6 to 9, wherein widths in the scanning direction of
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the first and second exposure areas are independ-
ently variable, and the widths are changed so that
the first and second exposure areas are not over-
lapped in the different block areas during the syn-
chronous movements.

The exposure method according to claim 9 or 10,
wherein widths in the scanning direction of the first
and second illumination areas are made to be inde-
pendently variable to change the widths in the scan-
ning direction of the first and second exposure areas.

The exposure method according to any one of claims
6 to 11, wherein the illumination condition in the first
illumination area and the illumination condition in the
second illumination area are mutually different dur-
ing the synchronous movements.

The exposure method according to any one of claims
6 to 12, wherein the first and second patterns are
formed on a same mask.

The exposure method according to any one of claims
6 to 13, wherein the first and second exposure areas
are arranged in a single field of the projection optical
system.

The exposure method according to any one of claims
6 to 14, wherein the first and second illumination ar-
eas are arranged in a single field of the projection
optical system.

The exposure method according to any one of claims
1 to 15, wherein the first and second illumination ar-
eas are illuminated by an exposure light beam from
a same exposure light source.

The exposure method according to any one of claims
1 to 15, wherein the first and second illumination ar-
eas are illuminated by exposure light beams from
different exposure light sources respectively.

The exposure method according to any one of claims
1to 17, wherein during the exposure of the substrate,
a liquid which transmits the exposure light beam
therethrough is supplied between the projection op-
tical system and the substrate.

An exposure apparatus which moves a substrate
synchronously with movement of a mask in a prede-
termined scanning direction while irradiating an ex-
posure light beam onto the substrate via the mask
and a projection optical system, the apparatus com-
prising:

an illumination optical system which illuminates
a first illumination area, of which width in the
scanning direction is variable in a field of the
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projection optical system, in a first illumination
condition, and which illuminates a second illu-
mination area, of which width in the scanning
direction in the field is variable, in a second illu-
mination condition; and

an illumination controller which controls the
width in the scanning direction of the first illumi-
nation area and the width in the scanning direc-
tion of the second illumination area based on a
position of the mask in the scanning direction.

The exposure apparatus according to claim 19,
wherein when first and second pattern areas are
formed on the mask to be adjacent to each other in
the scanning direction, the illumination controller
controls the widths in the scanning direction of the
first and second illumination areas so that the first
and second illumination areas illuminate only the first
and second pattern areas respectively, in synchro-
nization with the movement of the mask in the scan-
ning direction.

The exposure apparatus according to claim 19 or
20, wherein the illumination optical system has:

a first partial illumination system which illumi-
nates the first illumination area in the first illumi-
nation condition;

a second partial illumination system which illu-
minates the second illumination area in the sec-
ond illumination condition; and

afield coupling system which couples exposure
light beams from the first and second partial il-
lumination systems to illuminate the mask.

The exposure apparatus according to claim 21,
wherein each of the first and second partial illumina-
tion systems has a variable field diaphragm; and

the illumination controller controls opening and clos-
ing operations of the variable field diaphragm of each
of the first and second partial illumination systems.

The exposure apparatus according to claim 21 or
22, further comprising:

an exposure light source; and

a split optical system which splits an exposure
light beam from the exposure light source into
two split-light beams and guides the two split-
light beams to the first and second partial illumi-
nation systems respectively.

The exposure apparatus according to claim 21 or
22, wherein each of the first and second partial illu-
mination systems has an exposure light source.

The exposure apparatus according to any one of
claims 19 to 24, wherein the first and second illumi-

10

15

20

25

30

35

40

45

50

55

14

EP 1993120 Al

26.

27.

28.

29.

30.

31.

26
nation conditions are different from each other.

The exposure apparatus according to any one of
claims 19 to 25, wherein areas, in which the widths
in the scanning direction of the first and second illu-
mination areas are maximized, are overlapped sub-
stantially completely.

The exposure apparatus according to any one of
claims 19 to 26, comprising a liquid supply mecha-
nism which supplies and recovers a liquid, through
which the exposure light beam is transmitted, be-
tween the projection optical system and the sub-
strate.

An exposure apparatus which exposes a substrate
with an exposure light beam via a projection optical
system, comprising:

an illumination optical system which irradiates
the exposure light beam onto first and second
illumination areas and which sets illumination
conditions in the first and second illumination
areas independently from each other; and

a controller which moves first and second pat-
terns, arranged in a predetermined scanning di-
rection, with respect to the first and second illu-
mination areas while moving, in synchronization
with the movement of the first and second pat-
terns, the substrate with respect to a first expo-
sure area onto which the exposure light beam
is to be irradiated via the first pattern and the
projection optical system and with respect to a
second exposure area onto which the exposure
light beam is to be irradiated via the second pat-
ternand the projection optical system, and which
scanning-exposes different block areas, on the
substrate, located at different positions in the
scanning direction.

The exposure apparatus according to claim 28,
wherein the controller performs multiple exposure in
the different block areas respectively, the multiple
exposure including exposure with one of the first and
second patterns by the synchronous movements,
and exposure with the other of the first and second
patterns by synchronously moving the substrate and
the other of the first and second patterns.

The exposure apparatus according to claim 28 or
29, wherein the first and second exposure areas are
arranged so that at least a part of the first exposure
area and a part of the second exposure area are
overlapped in the scanning direction.

The exposure apparatus according to any one of
claims 28 to 30, wherein the controller makes the
illumination conditions in the first and second illumi-
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nation areas to be different from each other at the
time of the synchronous movements.

The exposure apparatus according to any one of
claims 28 to 31, further comprising an optical device
which independently changes widths in the scanning
direction of the first and second exposure areas;
wherein maximum widths of the first and second ex-
posure areas, which are set with respect to the scan-
ning direction during the synchronous movements,
are wider than a spacing distance between the dif-
ferent block areas.

The exposure apparatus according to any one of
claims 28 to 32, further comprising an optical device
which changes widths in the scanning direction of
the first and second exposure areas independently;
wherein the widths in the scanning direction of the
first and second exposure areas are changed as not
to be overlapped in the different block areas during
the synchronous movements.

The exposure apparatus according to claim 32 or
33, wherein the optical device makes widths in the
scanning direction of the firstand second illumination
areas to be variable independently to change the
widths in the scanning direction of the first and sec-
ond exposure areas.

The exposure apparatus according to any one of
claims 28 to 34, wherein the illumination optical sys-
tem includes first and second shaping optical sys-
tems into each of which the exposure light beam
comes, and which make the illumination condition in
the first illumination area and the illumination condi-
tion in the second illumination area to be variable.

The exposure apparatus according to claim 35,
wherein the illumination optical system includes a
coupling optical system which illuminates the first
and second illumination areas with exposure light
beams from the first and second shaping optical sys-
tems, respectively, at least one of the exposure light
beams coming into one of the first and second illu-
mination areas via a deflection member.

The exposure apparatus according to claim 35 or
36, further comprising optical devices which change
widths in the scanning direction of the first and sec-
ond exposure areas independently;

wherein the optical devices are provided on the first
and second shaping optical systems respectively,
and have first and second masking members which
make widths in the scanning direction of the first and
second illumination areas to be variable, respective-

ly.

The exposure apparatus according to any one of
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40.
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claims 28 to 37, wherein the controller drives a mask
stage which holds a same mask on which the first
and second patterns are formed and a substrate
stage which holds the substrate to synchronously
move the substrate and at least one of the first and
second patterns.

The exposure apparatus according to any one of
claims 28 to 38, wherein the first and second expo-
sure areas are arranged in a single field of the pro-
jection optical system.

The exposure apparatus according to any one of
claims 28 to 39, wherein the first and second illumi-
nation areas are arranged in a single field of the pro-
jection optical system.

A method for producing a device, comprising using
the exposure method as defined in any one of claims
1to 18.
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Fig. 2
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Fig. 4
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